Reservoir rocks, regardless of what kind (oil-, gas-or water-bearing), are classified by their specific properties. Most rock properties, such as storage, permeability, electric conductivity, heat capacity and so on are determined by laboratory experiments and field tests under different external conditions. Besides temperature, pressure and chemical reactions, also the geometry of the pore space as well as porosity control the specific behaviour of a rock. In most experiments, heterogeneous deformation of the pore space, changes in porosity and inner surface or closing of micro-cracks or pore-throats, cannot be observed directly. To study the dynamic processes behind these changes, we developed the sedimentary tool "Settle3D". With this software it is possible to generate different clastic rocks in a discrete way, which means that each grain inside this rock can be handled separately. The resulting porous medium can be directly used as import structure for different mechanical, hydraulic and thermal simulations. So the structural information of rocks can be linked to the petrophysical behaviour of porous media. To address these questions, we will present the development as well as the possibilities of "Settle3D". These include the generation of various 3D grainpacks, handling of input parameters (such as grain size distribution of different materials), sedimentary processes via direct collision procedures and an analysis of the final pore space geometry.
model for representing fractured porous media (Balhoff et al., 2007; Wu et al., 6 2001) or karst aquifers 1 (Lang, 1995) . With the restriction that the modelled 7 dimension is a representative elementary volume REV (Bear, 1972; Guéguen 8 et al., 1998) , this approach can satisfy many applications. This means that 9 the model area is large compared to the individual pore.
10
The parameterisation of such models is often based on laboratory or field ex-11 periments and the determined characteristics are assumed as similar for any 12 material. Some phenomena such as a change in permeability, electrical conduc-13 tivity or Skempton coefficient, all depending on applied effective stress, can be 14 measured by laboratory experiments but cannot be completely explained by ) and capillary networks (Adler et al., 1992) , fractals (Adler, 1988; 21 Spangenberg, 2005), packed grains (Matthews et al., 1996) and others. ever, all of them have the same goal: The generation of an artificial porous 23 media which can represent natural rocks.
24
The resulting pore model can be processed by different types of simulation cesses can be linked.
29
In order to produce an adequate approximation of porous media, we simulate 
48
The surface area A and the volume V of a regular icosahedron of edge length 49 a are:
52
An icosahedron can be considered as a rough approximation for a sphere.
53
Based on this geometry it was possible to design different types of grains.
54
Besides the change in size and the increase in accuracy by subdivision of 55 the faces also a morphing of the surface and application of surface roughness 56 are possible. Therefore, the initial icosahedron geometry can be changed and 57 modified in such a way that it results in a real grain-like structure.
58
3 Refinement.
59
There is a simple way to increase the accuracy of grain approximation by sub-60 dividing the faces of the icosahedron. Imagine the icosahedron is surrounded 61 by a sphere and subdivide the triangles by dividing the edges in the middle.
62
The newly inserted nodes lie slightly inside the sphere, so they are pushed 
75 F = 20 × 4 n .
76 4 Grain morphology.
77
The three principal aspects which define a grain are the shape, sphericity and 78 roundness (Tucker, 1991) . The shape can be coarsely classified by ratios of the Scholle, 1979; Adams et al., 1986 9 Collision routines.
220
The now preselected triangles of the falling grain regardless of its specific another triangle, but also a line-line intersection is possible (Fig. 7) .
224
All in all, fifteen collisions subdivided into six point-triangle and nine line-line 
228
But the calculation of the intersection points depends on the kind of movement 229 that the selected triangle performs. Therefore, we have to develop for trans-230 lation as well as for rotation point-triangle and line-line intersection routines.
231
A detailed description of the required procedures is provided in Appendix A.
232
10 Post-selection of the calculated intersection points.
233
With the previously specified collision routines a large number of intersection 234 points are calculated for one single movement step. To find the right intersec-235 tion point, which results from a projection of the original to the image point,
236
we have to make several decisions: For the translation process the intersec-237 tion point with the shortest distance between original and image is taken.
238
In contrast to translation, not all calculated intersection points of rotation 
266
Here, all nodes − → N of the preselected grains are shifted by − → T , so that the first 267 contact point is translated into the origin. By means of the CG coordinates 268 each node is rotated around the y-axis afterwards, so that the CG is located 269 inside the xy-plane and the related z-coordinate is zero. After these transfor-
270
mations only a clockwise rotation R z around the z-axis has to be calculated.
271
This rotation leads to the identification of the second contact point, which 8:
279
This transformation moves the two contact points into the z-axis and the CG 280 into the xy0-plane. The required transformation vector − → T as well as the two 281 rotation matrices R x and R y are calculated by means of the two contact points.
282
After the second rotation step a third contact point will be determined. The 283 two alternatives are: The grain is in a stable position or it keeps on moving.
284
For this purpose a stability-check function is implemented that can identify 
328 where P n is the grain size in millimetres at the nth percentage frequency. can be calculated by means of the following equations:
359 P e = bulk volume − (grain volume + bound volume) bulk volume .
360
The bound volume (Eq. 11) is defined by the inner grain surface and the 361 thickness of the bound water film:
363
Besides the effective porosity the pore space geometry including size, shape 364 and connectivity and the fluid properties affect the permeability of the sand-365 stone. But the investigation of geometry-permeability relationships goes be-366 yond the scope of this work. Therefore, the above mentioned porosities, inner 367 surface and the amount of grains as well as grain volume were taken into ac-
368
count to obtain a primary analysis of the generated sandstones. All determined 369 values are listed in Table 2 .
370
The interpretation of the model results is separated into technical and geo- the assumed relation.
393
The second (size-porosity) relation does not exist where size alone is varied.
394
Porosity is dimensionless and it is scale invariant. Since for many geologic ma-395 terials grain size and shape correlate then increasing finer grain size material 396 is correlated with porosity. Therefore, for the second (size-porosity) relation 397 the models including different types but only one grain fraction were analysed.
398
For these models a combination of translation, rotation and sliding was used.
399
Although all of these models have one single grain fraction, for each model by cutting the complete structure at 50% of the x, y and z 433 dimension as shown in Figure 11 .
434
In the cross-section images we separated pore space, grains and the pore-grain A.1 Point-triangle-intersection via translation.
We start with the calculation of the vertical distance (y-direction) between node − → m and triangle T described by the three nodes − → n 0 , − → n 1 , and − → n 2 . The edges − → n 10 = − → n 1 -− → n 0 and − → n 20 = − → n 2 -− → n 0 of the triangle T span the plane P , with
The vertical projection of − → m into the plane P leads to the image
with the same x, z coordinates as − → m. Therefore, the equations
The image m is inside the triangle area if, (0 ≤ s ≤ 1), (0 ≤ t ≤ 1) and (s + t ≤ 1). Under these circumstances, the y-value of the image can be calculated
and the vertical distance d between m and T is
Two lines (L 1 , L 2 ) in three dimensional space are given by the nodes − → m 0 , − → m 1 and − → n 0 , − → n 1 , respectively. By means of the direction vectors − − → m 10 = − → m 1 -− → m 0 and − → n 10 = − → n 1 -− → n 0 , the linear equations are given by:
The vertical distance of both lines is the shortest vertical distance between one point − → m at line L 1 and its projection point − → m at line L 2 . Both points must have the same x and z coordinates. Therefore, .12) and
lead to:
where s and t can be calculated as:
Under the assumptions that − → m is part of line section m 0 m 1 (0 ≤ s ≤ 1) and − → n is part of line section n 0 n 1 (0 ≤ t ≤ 1), the y-values of both points can be calculated: .20) and the vertical distance d between the lines is:
A.3 Point-triangle-intersection via rotation.
We assume, that one point − → m will hit a triangle T described by the three nodes − → n 0 , − → n 1 , and − → n 2 via a rotation around the z axis. The two direction vectors − → n 10 = − → n 1 -− → n 0 and − → n 20 = − → n 2 -− → n 0 of the triangle T span a plane P , with
The resulting image point − → m must be in the same x,y plane as − → m. Furthermore, the image must be located inside P , more precisely inside T , and must have the same distance from the z-axis as − → m. Therefore, the following equations must be satisfied:
By means of equation (A.25) the control variable t can be expressed in terms of s: .27) and with equation (A.24)
can be calculated. After expansion we receive:
With the substitutions:
we can simplify (A.30) and (A.31) to:
The insertion of (A.36) and (A.37) into (A.26) leads to: 
2 − Z, we can solve the quadratic equation:
which results in:
By means of (A.27) the associated t 1,2 can be calculated. The image m is inside the triangle area if one of the s 1,2 and its associated t 1,2 satisfy the following conditions, (0 ≤ s ≤ 1), (0 ≤ t ≤ 1) and (s + t ≤ 1). Under these conditions the x,y-value of the image can be calculated (A.43) and the angle which rotates − → m into − → m can be determined by means of these coordinates.
A.4 Line-line-intersection via rotation. 
We assume that the resulting image point − → m must be in the same x,y plane as − → m. Furthermore, the image must satisfy the linear equation L 2 , − → m must be at line L 1 and both points must have the same distance from the z-axis. Therefore, the following equations must be fulfilled: .47) and
By means of (A.50) the control variable t can be expressed in terms of s:
The insertion of (A.52) into (A.49) leads to the x,y components of m :
After expansion the equations (A.53) and (A.54) can be rewritten as:
With the following substitutions (A.60) they reduce to:
The combination of the reduced equations and (A.51) results in: (A.63) which can be converted into a quadratic equation:
Replacing the coefficients of the quadratic equation by A, B and C leads to the simpler expression:
By means of (A.52) the associated t 1,2 can be calculated. Under the conditions (0 ≤ s ≤ 1) and (0 ≤ t ≤ 1), the point m and its image m are located at their specific line sections and can be calculated by using (A.47) and (A.49) . By means of these coordinates the angle α can be explicitly determined.
B Appendix
Calculating the 2D and 3D porosity of a sphere with radius a inside a cube with side length 2a. The volume of the cube is:
and the volume of the included sphere is:
Therefore the 3D porosity is:
We assume, that the sphere inside the cube is cut into n pieces as shown in Figure 13 . There, k is the position of the cut. The radius r of the resulting circle at position k is: 4) and the area of the resulting circle at position k is:
The area of the square including the circle is: 6) and the area of pore space is:
The statistic porosity of one cross section can be assumed as the mean of all porosities of these cutting planes:
List of Tables   1  Number of 11 Cross section images of quartz model including three grain fractions taken at 50% of x (left), y (middle) and z (right) axis. 37
12 Resulting tetrahedron mesh of two manually connected grains. 37
13 Schematic representation of a dissected sphere 37 Fig. 3 . Nine selected morphology variations of "Settle3D" resulting from different aspect ratios, roughness and limiting borders. 
